for the development of bone loss in diabetes mellitus was evaluated in a cross sectional study of 215 insulin treated diabetic outpatients. Bone mineral content in the forearms was measured by photon absorptiometry and the metabolic status was evaluated by three indices: residual B-cell function, insulin dosage and fasting blood glucose. The mean bone mineral content was reduced to 90.2% of sex-and agematched normal mean values (P <0.001). Stratification of the patients showed that bone mineral content was 99.3% of that found in sex-and age matched normal subjects in the group with residual B-cell function, low insulin dosage and low fasting blood glucose; it was only 79.3% of normal in the group with no detectable insulin secretion, high insulin dosage and more severe hyperglycaemia. Thus, residual insulin secretion and the quality of metabolic control are major factors in determining bone mineral content in insulin treated diabetic patients.
Recent evidence suggests that bone loss should be included among the complications of insulin treated diabetes mellitus [1--4] . The reduction in bone mineral content (BMC) becomes detectable 2-3 years after onset of clinical diabetes, attaining a stable level of about 90% of normal BMC after about 5 years of diabetes [5] . Low BMC has been related to early diabetes onset (before the age of 20-25 years) [5] , to a high daily tobacco consumption [6] and to the fop lowing indices of diabetes control: low or absent insulin secretion, high daily insulin dosage and hyperglycaemia [7] . The present study was designed to evaluate the additive effects of these interrelated indices of diabetic control on diabetic bone loss.
Patients
The investigation was carried out as a cross-sectional study of 215 insulin treated diabetics with varying length of clinical diabetes (between 0-29 years, mean duration 10 years). All patients gave informed consent to the study. The patients' ages were 7-70 years and all had a normal serum creatinine level (<115 gmol/1). None of the patients had other diseases or received drugs known to interfere with mineral metabolism [5] . The patients were invited to participate in a study of calcium metabolism outside the diabetes clinic (see discussion). Blood samples were drawn in the morning after an overnight fast before administration of insulin.
Methods
Bone mineral content (BMC) was measured in both forearms by photon absorptiometric scanning at 6 positions on the distal part of each forearm, as described in detail previously [5, 8] . In each patient the mean value of these scans was calculated as % mean BMC value of sex-and age matched controls (2 year age groups for children and adolescents and 10 year age groups for adults). The influence of sex and age was thus minimized and this value for bone mineral content was suitable for evaluation. The method has a high precision (coefficient of variation: 1.2%) [9] , but the interindividual variation is considerable (SD = 16%) in normal subjects [10] .
Endogenous insulin secretion was estimated by measuring the serum concentration of immunoreactive C-peptide 6 rain after 1V injection of 1 mg glucagon. Patients with a serum C-peptide level exceeding the upper limit of C-peptide levels measured in 10 pancreatectomized patients (0.05 nmol/1) were considered to have residual insulin secretion and were designated secretors [11] .
The insulin dose was calculated for each patient as insulin IU/kg body weight/day at the time of the investigation. Stratification of the patients. We have previously found that low BMC is correlated with early onset of diabetes [5] and to the following indices of diabetes: low serum C-peptide concentration, high insulin dosage, high fasting blood glucose and glycosuria [7] .
In order to elucidate this multifactorial relationship the patients were stratified according to high/low risk of BMC reduction (Tables 1 and 2 , left part). Table 1 gives the results after stratification for high risk of bone loss: 86 of 215 patients had an onset of diabetes before the age of 21 years and 70 of the 86 were non-secretors. Thirty-five of the 70 patients were treated with more than 0.7 IU/kg/day, which was the median daily insulin dose in the 70 non-secretors. Finally the 18 patients with the highest blood glucose level were selected from the group of 35 patients. Table 2 gives the results after stratification for low risk of bone loss: 129 patients had onset of diabetes after 25 years of age, 54 of these were secretors, and in 28 diabetics the daily insulin dose was below 0.371U/kg/day (median value of the 54 patients). Of these, 14 patients had a blood glucose value below the median for the 28 (11.1 mmol/1). The right part of both tables gives the results for the patients excluded at each selection.
Statistical evaluation. Analysis of variance and Spearman Rank correlation analysis were used for statistical evaluation of results.
Results
The mean BMC of all diabetics was reduced to 90.2% of the mean normal value (P <0.001). The influence of the diabetic "risk factors" appears from Tables 1 and 2. Table 1 demonstrates the gradual decrease in BMC with successive selection of the patients with the highest risk of bone loss. A stepwise reduction in BMC is seen to a minimum mean value of 79.3% normal in the patients with the poorest metabolic control. Table 2 shows the opposite, i.e. the gradual increase in mean BMC with successive selection of the patients with the lowest risk of bone loss. In this way mean BMC is seen to rise stepwise to a maximum of 99.3% of normal in the patients with the best metabolic status.
If glycosuria was used for the last stratification instead of the fasting blood glucose level, the results were similar.
Stratification according to risk factors subdivided the patients into groups with strictly comparable duration of diabetes. In the entire series BMC was inversely correlated with the fasting blood glucose level (R = -0.17, P <0.02) and dally insulin dose (R = --0.22, P <0.002), and positively with the Cpeptide level (R = 0.19, P <0.005).
Discussion
None of the indices of metabolic control used in the present study estimates accurately the overall metabolic state of the patient. The combination of these indices may, however, provide a sufficient estimate of the severity of the disturbances in glucose homeostasis. In fact, a bone loss of 20.7% was found in the patients selected to have the poorest metabolic state on the day of study, whereas no bone loss was found in patients with the mildest disturbances.
It may seem surprising that the dependency of bone mineral content on metabolic status was so readily documented in view of the controversies about the role of metabolic control for the vascular complications, still present after 50 years of insulin treatment [13, 14] . The large number of patients studied as well as the high precision and accuracy of the measurement of BMC are both important factors. Furthermore, the patients were studied outside the diabetic clinic, and had 1.8 times higher 24 h-glycosuria compared with the most recent visits at the diabetes clinic [15] . The higher glycosuria may indeed give a better estimate of the "every day" metabolic state. Our indices of metabolic status are certainly interrelated, but characterize the state of control in different ways [16] [17] [18] [19] . Residual B-cell function is known to contribute to good metabolic control, most easily shown by the smaller insulin requirement of patients with preserved insulin secretion [16] . The dosage of insulin reflects a number of variables, affecting blood and urine glucose levels at the preceding visits to the clinic. Residual B-cell function and insulin dosage may both be relatively good indices of long-term metabolic control.
Our data provide an explanation for the reported normal bone mineral content in well-controlled diabetics treated exclusively with diet and/or oral antidiabetics [20] . Levin et al. [1] found a minor reduction of BMC in their diabetics treated with diet and/or sulphonylureas, but contrary to the patients studied by De Leeuw and Abs [20] they had not selected their patients to be especially well-controlled.
The increased frequency of bone fractures previously reported in diabetics [21, 22] is comprehensible in view of the 20% loss of bone minerals found in the poorly controlled patients.
